8-10) was a Xanthomonus specific antibiotic, cationomycin 11-13) was a polyether 110 ionophore antibiotic produced by Actinomadura azurea, liposidomycin B 14) was an inhibitor of 111 peptidoglycan biosynthesis, tautomycin [15] [16] [17] and tautomycetin 18) were antifungal antibiotics 112 which were later put into practical use as biochemical reagents. Reveromycin A 19) also was 113 utilized as a biochemical reagent and a candidate drug for osteoporosis, respinomycins 20, 21) was 114 novel groups of anthracycline antibiotics, epiderstatin [22] [23] [24] was discovered as a glutarimide 115 antibiotic, and so on. 116
Forty-three years after the structural determination of penicillin, the structure of 117 liposidomycin B was uncovered in 1988.
14) The structure suggested it was a potent inhibitor 118 against phospho-MurNAc-pentapeptide translocase (MraY), an essential membrane enzyme for 119 bacterial cell wall biosynthesis 25) (Fig. 1a) . After the structural determination of liposidomycin B, 120 I worked with Dr. James A. McCloskey in the University of Utah for one month as a Japan-US 121 cooperation scientist to finish a detailed paper for structure elucidation of liposidomycins, a 122 class of complex lipid nucleoside antibiotics. nice person not only as a scientist but also as a human being. He was an excellent educator, too. 134
The structure of liposidomycin B was used as the structure for the Anti Nuclear Energy 135 Bacteria (ANEB), which weaken Godzilla in a science fiction film "Godzilla vs. Biollante" released 136 in 1989. In the real world, the 4-butylaniline amide derivative of anhydrodeacylliposidomycin, 14) 137 CPZEN-45, derived from caprazamycins at Microbial Chemistry Research Center, has been 138 recognized as a candidate drug for extensively drug-resistant (XRD) tuberculosis (Fig. 1b) . acid-catalyzed rearrangement of 2,3-epoxy trifluoroacetimidates is a useful conversion method 167 to obtain corresponding trifluoroacetamide, 32) which can be smoothly converted into amine. 168
The stereochemistry of liposidomycin B deduced from NOE and conformational analysis was 169 confirmed by syntheses of diazepanone ring model compounds 33,34) by using the above 170 developed methods. Organic chemistry is useful for the study of biologically active small 171 molecules, and such research adds insight into new organic chemistry, and the new organic 172 chemistry is also useful for further research on biologically active small molecule (Fig.2) . 44) This compound was a known compound, but it was unstable under 209 various deprotection conditions, so that total synthesis could not be achieved by the other 210 research groups. Therefore, I decided to synthesize tuliposide B and clarify the structure-activity 211 relationship on the compound in the laboratory of Hokkaido University. Kengo Shigetomi who 212 was an undergraduate student expressed a strong desire to achieve this goal. Together we 213 completed the first total synthesis of 6-tuliposide B, 45) and structure-activity relationship 214 study. 46, 47) We gained evidence that the putative adduct of 6-tuliposide B with UDP-N-215 acetylglucosamine (UDP-GlcNAc) inhibits the growth of MurA-overexpressing E. coli which 216 shows resistance to fosfomycin (Fig. 3) . When I determined the structure of tautomycin, 15) it was clear to me that the molecule must 230 have potent inhibitory effects against protein phosphatase because of structural similarity with 231 okadaic acid which was just uncovered to be a potent inhibitor of protein phosphatase.
51)

232
Protein phosphatase type 2A (PP2A) was the primary target of okadaic acid, while tautomycin 233 was a dual inhibitor for PP1 and PP2A with a slight bias to PP1. 52) Tautomycetin having very 234 similar structure to tautomycin was found to be the only inhibitor specific to PP1 at low 235 concentrations.
49,50) The discovery opened the door to treatment strategies for PP1-mediated 236 immune disorders, cancer or neurological disorder via understanding the distinguishable roles 237 of PP1 and PP2A, two major serine/threonine protein phosphatases in human cells. [53] [54] [55] For 238 example, sephin 1, a selective inhibitor of PP1 holoenzyme containing growth arrest and DNA 239 damage-inducible protein (GADD34), attenuated expression of stress-inducible gene 240 products.
56) The approach is one of the several attempts to develop PP1-targeted therapeutics 241
for neurological disorders such as amyotrophic lateral sclerosis (ALS) and multiple sclerosis (MS) 242 in which circadian rhythm may be involved. Thus, appropriately modulating PP1 activity could 243 lead to new treatments for neurological disorders in Minkowski space, a combination of three-244 dimensional space and one dimension of time (Fig. 4) . 
258
Microorganisms, especially Actinobacteria, have been considered to be treasure houses of 259 biologically active compound resources, but recently it seems difficult to discover structurally 260 new compounds. However, researchers have only discovered novel compounds from cultivable 261 microorganisms that account for 1% of the total microorganisms. If you can cultivate previously 262 uncultured microorganisms, accounting for the other 99% of microorganisms, the possibility to13 discover new biologically active small molecules will expand. We discovered zincmethylphyrins 264 and coproporphyrins released by α-proteobacterial strain Sphingopyxis sp. GF9 as novel growth 265 factors for an uncultured actinobacterial strain Leucobacter sp. ASN212.
65) I proposed a general 266 growth mechanism for uncultured Actinobacteria having noncanonical heme biosynthesis 267 pathway but it lacks the early canonical pathway (Fig. 5) . 
